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ABSTRACT 
Butane derivatives are chemical compounds formally derived from Butane C4H10 by replacement of one or more 

hydrogen atoms with other atoms or functional groups. In this paper, we do the QSPR analysis of few Butane 

derivatives with respect to some selected degree based topological indices and one eccentricity based topological 

index. In QSPR studies, topological indices are extensively used in determining specific bioactivity of chemical 

compounds. Our study showcases some important results on the correlation between Heavy atomic count, 

Complexity, Density, Surface tension and Index of refraction of Butane derivatives with the selected topological 

indices which further helps in characterizing the predicting power of these topological indices. 
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INTRODUCTION 
Mathematical Chemistry is the area of research engaged in highlighting and applying the theoretical 

framework of Mathematics to Chemistry. It concerns itself principally with the mathematical modeling of 

chemical phenomena. One of the very interesting fields of Mathematics which has a wide range of 

applications in Chemistry is Graph Theory which further resulted in so-called Chemical Graph Theory. 

The molecular graph is the topological representation of a molecule. It is obtained by treating each atom 

and bond between atoms of a compound as vertex and edge of the graph, respectively. Hence in the 

topological representation H2S(Hydrogen Sulphide) and H2O(Water), NaCl(Sodium Chloride) and 

HCl(Hydrogen Chloride), C4H9Cl(1-Chlorobutane)) and C4H9Br(1-Bromobutane) etc. have the same 

molecular graphs. Conventionally, in a molecular graph, we consider the only hydrogen suppressed 

molecule and every different type of bonds are represented by a single edge.1- 4 

QSARs(Quantitative structure-property relationship)/QSPRs(Quantitative structure-activity relationship) 

have become powerful tools in contemporary chemical and medicinal research, as they have made it 

possible to predict the biochemical activities.5-8 Once a correlation between structure and biological 

activity or a physiochemical property is established, it is possible to predict the activity/property of any 

number of structurally related compounds. In a recent study, it is found out that Heavy atomic count, 

Hydrogen bond acceptor count, Complexity and Surface tension of Butane derivatives have a close 

correlation with the Redefined first Zagreb index, the Sum connectivity index, the Redefined third Zagreb 

index and the Reformulated first Zagreb index, respectively.9 

 

EXPERIMENTAL 
Material and Methods 

We have used here seven degree-based and one eccentricity based topological indices. They are: 

Redefined third Zagreb index(ReZG3(G))10, Reformulated second Zagreb index(EM2(G))11-18, modified 
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Reformulated second  Zagreb index (mEM2(G))16, first, second and third Zagreb coindices (��1(G), ��2(G), 

��3(G))11,19-29, second Zagreb eccentricity index(E2(G))30-36 and Hyper Zagreb index(HM(G))12,20,27,37-48 for 

modeling five representative physiochemical properties such as Heavy atomic count, Complexity, 

Density, Surface tension, Index of refraction of the fourteen Butane derivatives. As the molecular graphs 

of isomorphic graphs are the same, we considered here only nonisomorphic Butane derivatives. For 

example, C4H9Cl will not find plaace among the fourteen Butane derivatives as it is isomorphic to C4H10. 

The values of the topological indices for fourteen Butane derivatives are enumerated manually and listed 

in the tables 1 and 2. The modeling is done by computing the Pearson correlation coefficient between 

each of these topological indices with the five selected physiochemical properties of Butane derivatives 

using Origin which is given by tables 4 and 5. The experimental values for the physiochemical properties 

of fourteen Butane derivatives are listed in Table-3. The values of phythesiochemical properties of Butane 

derivatives are taken from PubChem.49 

 

Topological Indices 
We give a brief account of the topological indices used in this paper.20,50The Reformulated Second Zagreb 

Index16 was coined in 2004. Most of the papers on the Reformulated second Zagreb index either have a 

discussion on a various properties18,51or deal with the computation of the index of various networks and 

compounds.15,18,51,52 There is no evidence of QSPR studies until now. 

In 2008, the first and second Zagreb coindices were defined. It is very evident from the studies in that 

majority of the articles are on the structural enumeration of different classes of graphs namely 

Hamiltonian graphs, Composite graphs etc. and the number of studies on the structure-property 

relationship with the first and second Zagreb coindices is almost zero.11,22-24,27 

The third Zagreb coindex is relatively new.29 Not many works are available in the literature about it since 

2016. In this paper, we see that the predicting power of the third Zagreb coindex is very high which is 

definitely an important result contributing to the chemical world of QSPR studies. 

The second Zagreb eccentricity index was introduced in 2010.11,35 Later, in 2013, the Redefined third 

Zagreb index53 and the Hyper Zagreb index47 started appearing in the literature. 

Most of the articles incorporating with the Redefined third Zagreb index focus on the computation of this 

index of numerous structurally important chemical compounds such as Graphene and various 

nanostructures.2,10,42 

Most of the works conducted on Redefined third Zagreb index give properties and bounds for the 

index10,18,52,54,55 and even comparisons are done with many other topological indices.30,31,35 Similar to all 

other topological indices, many properties and bounds on the Hyper Zagreb index are also computed27,32,48 

but researchers found to have more interest in investigating the chemical constitution of compounds with 

Hyper Zagreb index.37,38,40-43,46,56,57 It is found that no studies are conducted on the correlation between the 

physiochemical properties of compounds with the molecular descriptors for all the three indices. 

 

Definitions 

We now see the definitions of some of these Zagreb indices.58,59Let d(u) be the degree of the vertex u of a 

graph G. Then we have the following indices. 

The Redefined third Zagreb index :ReZG3(G)=⅀(d(u) d(v)) (d(u)+d(v)), for all edges uv of the 

graph G. 

Let u, v be non-adjacent in graph G. 

The first Zagreb coindex  : ��1(G) = ⅀(d(u)+d(v)) 

The second Zagreb coindex  : ��2(G) =⅀(d(u) d(v)) 

The third Zagreb coindex  : ��3(G) =⅀|d(u)-d(v)| 

Hyper Zagreb index   : HM(G) = ⅀(d(u)+d(v))2 , for all edges uv of the graph G. 

Reformulated second Zagreb index : EM2(G)=⅀(d(e) d(f)), for all adjacent edges e and v of the 

graph G. 

Modified Reformulated Zagreb index: mEM2(G)=⅀1/( d(e) d(f)), for all adjacent edges e and v of the 

graph G. 

The second Zagreb eccentricity index: E2(G)= ⅀(e(u)e(v)), for all edges uv of the graph G 
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Comparison of Parameters and Indices 

 
Table-1: Compounds and Indices 

Name of the Compound ReZG3(G) EM2(G) mEM2(G) ��
����(�) 

1,4-butanedithiol 60 12 1.5 31 

2-butanone 60 14 1.25 16 

1,3-butanediol 76 18 1.0833 31 

butane dinitrile 76 12 1.5 31 

butanediamide 124 50 1.5 68 

butane-1-sulfoamide 146 66 1.5833 66 

1-butanethiol 44 8 1.25 18 

1,4-diaminobutane 60 12 1.5 31 

butane-1,4-disulfonic acid 216 119 2.055 188 

butyraldehyde 44 8 1.25 18 

2,3-butanedione 92 24 1.5 25 

butanedihydrazide 154 60 1.888 112 

1-butanesulfonyl chloride 60 66 1.5833 66 

butyl-2-benzene 152 63 1.875 124 

 

 

Table-2: Compounds and Indices 

Name of the Compound �	
����(�) �


����(�) E2(G) HM(G) 

1,4-butanedithiol 67 6 73 50 

2-butanone 10 4 22 66 

1,3-butanediol 25 7 40 82 

butane dinitrile 67 6 73 50 

butanediamide 55 18 113 130 

butane-1-sulfoamide 52 18 113 152 

1-butanethiol 13 4 36 50 

1,4-diaminobutane 67 6 73 50 

butane-1,4-disulfonic acid 162 52 368 270 

butyraldehyde 13 4 36 50 

2,3-butanedione 16 7 24 100 

butanedihydrazide 114 40 260 173 

1-butanesulfonyl chloride 52 18 113 152 

butyl-2-benzene 109 14 214 146 

 

 

Table-3: Compounds and Physiochemical Properties 

Name of the Compound Heavy Atomic Count Complexity Density Surface Tension Index of Refraction 

1,4-butanedithiol 6 17.5 1.03 31.1 1.51 

2-butanone 5 38.5 8.32 22.9 1.37 

1,3-butanediol 6 28.7 9.96 34.9 1.44 

butane dinitrile 6 92 1.01 40.7 1.42 

butanediamide 8 96.6 1.18 53 1.49 

butane-1-sulfoamide 8 133 1.15 41.9 1.47 

1-butanethiol 5 13.1 8.5 24.8 1.44 

1,4-diaminobutane 6 17.5 8.65 35.8 1.46 

butane-1,4-disulfonic acid 12 266 1.66 77.9 1.54 

butyraldehyde 5 24.8 8.18 23.1 1.37 

2,3-butanedione 6 71.5 9.75 27.3 1.38 

butanedihydrazide 10 119 1.28 59 1.53 

1-butanesulfonyl chloride 8 133 1.26 36.4 1.45 

butyl-2-benzene 10 80 8.66 29 1.49 
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Table-4: Pearson's Correlation Coefficient 

 ReZG3(G) EM2(G) mEM2(G) ��
����(�) 

Heavy Atomic Count 0.9238 0.9440 0.9116 0.9833 

Complexity 0.8298 0.9327 0.7733 0.8501 

Density 0.7339 0.8556 -0.2745 0.7784 

Surface Tension 0.8061 0.7854 0.7064 0.8040 

Index of Refraction 0.68204 0.6580 0.7236 0.7530 

 

Table-5: Pearson's Correlation Coefficient 

 �	
����(�) �


����(�) E2(G) HM(G) 

Heavy Atomic Count 0.9001 0.9081 0.9637 0.94053 

Complexity 0.7305 0.8827 0.8246 0.92853 

Density 0.7120 0.9065 0.7864 0.8707 

Surface Tension 0.8024 0.9176 0.8390 0.8081 

Index of Refraction 0.8360 0.7254 0.7916 0.6356 

 

RESULTS AND DISCUSSION 
Many observations and conclusions can be made based on the Tables obtained by evaluating the Pearson 

correlation coefficient of Butane derivatives using the software Origin. 

Most of the topological indices found to be positively correlated with the corresponding topological 

indices except the correlation between modified Reformulated Zagreb index (mEM2(G)) and Density(r=-

0.2745). 

Firstly, it is very evident from correlation tables 4 and 5 that all the topological indices of our concern are 

closely correlated with the physical property Heavy atomic count with a correlation coefficient varying 

between 0.9 and 0.98. In which the Reformulated second Zagreb index (EM2(G)) and Hyper Zagreb index 

(HM(G)) are having a  correlation coefficient approximately equal to 0.94 and a high-value correlation of 

0.98 with the first Zagreb coindex (��1(G)). Hence without any ambiguity ,we can say that the first Zagreb 

coindex (��1(G)) is the right one for predicting the physical property, Heavy atomic count. 

The contribution of Zagreb coindices, especially the third Zagreb coindex (��3(G)) is an inevitable factor 

while discussing the correlation between the physiochemical properties and topological indices. The third 

Zagreb coindex is having a close correlation with all the four physiochemical properties(Heavy atomic 

count, Complexity, Density and Surface tension) except the Index of refraction with correlation 

coefficient r=0.7254. This implies that the third Zagreb coindex (��3(G)) is a completely adequate 

topological index for the investigation of structure-property relationship. 

The Reformulated Zagreb indices were introduced in the year 2004. Since 2004 no QSPR studies on 

Reformulated second Zagreb index is attracted by researchers. But we in this paper explored its role in 

structure-property relations and we could easily verify that Reformulated second Zagreb index ((EM2(G)) 

has a good correlation with Heavy atomic count(r=0.94) and complexity (r=0.93). 

In this QSPR study, one thing which grabs our attention is that none of the topological indices discussed 

here shows a strong correlation with the property, Index of refraction. 

Lastly, above all, the one main observation which agrees on the above argument, that is, all the four 

physiochemical properties except Index of refraction are exhibiting significant correlation with at least 

one among the eight descriptors. 

We give the plots of each of the physiochemical property with its most correlated topological index which 

even more clarify the above conclusions. 

Figure-1 is the plot of Heavy Atomic Count and the Second Zagreb Coindex. 

Figure-2 is the plot of Complexity and the Reformulated Second Zagreb index 

In the Fig.-1 and 3, we see the graphs that are representing the correlation of Heavy atomic count and the 

second Zagreb Coindex and Density and the third Zagreb Coindex, respectively. They may look to be not 

correlating. However, the appearance is because of the scale. That is, the range in which the values of the 

physical properties and the topological indices for plotting of Butane derivatives is large. 

Finally, Fig.-4 gives the plot of the Surface tension and the third Zagreb Coindex. 
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Fig.-1: Heavy Atomic Count and the Second Zagreb Coindex 

 

 
Fig.-2: Complexity and Reformulated the Second Zagreb Index 

 
Fig.-3: Density and the Third Zagreb Coindex 

 
Fig.-4: Surface Tension and the Third Zagreb Coindex 
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CONCLUSION 
QSPR studies from the very beginning of its journey seized the attention of both Mathematicians as well 

as Chemists since it has the potential to be the cause of new inventions. Especially, finding the properties 

of compounds without any experimentation that is actually time-consuming. 

In this paper we see that among all the topological indices of our concern, the third Zagreb coindex has a 

good correlation with all the four physiochemical properties say, Heavy atomic count, Complexity, 

Surface tension and Density. We can see that first Zagreb coindex is highly correlated with Heavy atomic 

count. Hence we can say that this paper on QSPR analysis is an answer for the researchers who 

interrogate over the importance of topological indices. 
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